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(54) Cobalt oxide particles and process for producing the same, cathode active material for 
non-aqueous electrolyte secondary cell and process for producing the same, and 
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(57) Cobalt oxide particles, useful as a precursor of 
a cathode active material for a non-aqueous electrolyte 
secondary cell, have a composition represented by the 
formula: 



(Co (1 . x) Mg x .) 3 0 4 

wherein x is 0.001 to 0.15, a BET specific surface area 
value of 0.5 to 50 m 2 /g, and an average particle diameter 
of not more than 0.2 um. 
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Description 

[0001] The present invention relates to cobalt oxide particles, a process for producing the cobalt oxide particles, a 
cathode active material for a non-aqueous electrolyte secondary cell, a process for producing the cathode active ma- 

s terial, and a non-aqueous electrolyte secondary cell. More particularly, the present invention relates to cobalt oxide 
particles useful as a precursor of a cathode active material for a non-aqueous electrolyte secondary cell which is 
capable of showing a stable crystal structure by insertion reaction therein, and producing a non-aqueous electrolyte 
secondary cell having a high safety and especially a high heat stability, a process for producing the cobalt oxide par- 
ticles, a cathode active material for a non-aqueous electrolyte secondary cell using the cobalt oxide particles, a process 

10 for producing the cathode active material, and a non-aqueous electrolyte secondary cell using the cathode active 
material. 

[0002] With the recent rapid development of portable and cordless electronic devices such as audio-visual (AV) 
devices and personal computers, there has been an increasingly demand for providing as a power source thereof, a 
secondary cell (lithium battery) having a small size, a lightweight and a high energy density. Under this circumstance, 
is lithium ion secondary cells have been especially noticed because of advantages such as high charge/discharge voltage 
as well as large charge/discharge capacity, 

[0003] Hitherto, as cathode active materials useful for high energy-type lithium ion secondary cells having a4V-grade 
voltage, there are generally known LiMn 2 0 4 which has a spinel structure, LiMn0 2 which has a corrugated layer struc- 
ture, LiCo0 2 , LiCo^NixOj and LiNi0 2 which have a rock-salt layer structure, or the like. Among the secondary cells 
20 using these active materials, lithium ion secondary cells using LiCo0 2 are more excellent because of high charge/ 
discharge voltage and large charge/discharge capacity thereof. These lithium ion secondary cells have been required 
to show more excellent properties. 

[0004] Specifically, when lithium ions are released from LiCo0 2 , the crystal structure of LiCo0 2 undergoes Jahn- 
Teller distortion since Co 3+ is converted into Co 4+ . When the amount of lithium ions released reaches 0.45, the crystal 

25 structure of LiCo0 2 is transformed from hexagonal system into monoclinic system, and a further release of lithium ions 
causes the transformation of the crystal structure from monoclinic system into hexagonal system. Therefore, by re- 
peating the charge/discharge reaction, the crystal structure of LiCo0 2 tends to become unstable, resulting in release 
of oxygen from LiCo0 2 and undesired reaction between LiCo0 2 and an electrolyte solution. 
[0005] Further, the reaction between LiCo0 2 and the electrolyte solution is more active under higher temperature 

30 conditions. Therefore, In order to ensure safety of the secondary cell, it has been required to provide cathode active 
materials exhibiting a stable structure, namely a high heat stability even under high temperature conditions. 
[0006] For these reasons, it has been required to provide lithium cobaltate (LiCo0 2 ) exhibiting a stable crystal struc- 
ture even when lithium is released therefrom. 

[0007] Hitherto, in order to stabilize a crystal structure of lithium cobaltate and improve various properties thereof 
35 such as charge/discharge cycle characteristics, there are known a method of incorporating magnesium into lithium 
cobaltate particles (Japanese Patent No. 2797693 and Japanese Patent Application Laid-Open (KOKAI) Nos. 5-54889 
(1993), 6-168722(1994), 7-226201(1995), 11-102704(1999), 2000-12022, 2000-11993 and 2000-123834); a method 
of mixing magnesium with lithium cobaltate particles by a hydrothermal synthesis method (Japanese Patent Application 
Laid-Open (KOKAI) No. 1 0-1 31 6(1 998)); a method of controlling a lattice constant of lithium cobaltate to improve prop- 
40 erties thereof (Japanese Patent Application Laid-Open (KOKAI) No. 6-181062(1994)); or the like. 

[0008] In addition, in order to obtain lithium cobaltate particles satisfying the above properties, cobalt oxide particles 
as a precursor thereof are also required to show an excellent reactivity, As the method for producing cobalt oxide 
particles having an excellent reactivity, there has been proposed a method of obtaining fine cobalt oxide particles by 
a wet reaction method (Japanese Patent Application Laid-Open (KOKAI) Nos. 1 0-324523(1 998) and 2002-68750). 
45 [0009] At present, it has been strongly required to provide cathode active materials satisfying the above requirements 
and cobalt oxide particles as a precursor thereof. However, such cathode active materials and cobalt oxide particles 
have not been obtained until now. 

[0010] That is, in Japanese Patent No. 2797693 and Japanese Patent Application Laid-Open (KOKAI) Nos. 5-54889 
(1993), 6-168722(1994), 7-226201(1995), 11-102704(1999), 2000-12022, 2000-11993 and 2000-123834, there is de- 
so scribed the method of obtaining lithium cobaltate particles containing magnesium by dry-mixing a cobalt compound, a 
lithium compound and a magnesium compound. However, in this method, since the obtained lithium cobaltate particles 
show a non-uniform distribution of magnesium within the particle, the crystal structure thereof tends to undergo de- 
struction upon the release and insertion reactions of lithium ions. As a result, the lithium cobaltate particles fail to show 
an excellent heat stability. 

55 [0011] In Japanese Patent Application Laid-Open (KOKAI) No. 10-1316(1998), there is described the method for 
producing lithium cobaltate particles by dispersing a cobalt compound and a magnesium compound in an aqueous 
lithium hydroxide solution and heat-treating the resultant dispersion. However, this method requires to conduct the 
hydrothermal treatment, and the obtained lithium cobaltate particles fail to show a small particle size and excellent 
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particle properties. 

[0012] Also, in Japanese Patent Application Laid-Open (KOKAI) No. 6-181062(1994), there is described lithium co- 
baltate having a c-axis length of lattice constant of not less than 14.05 A. However, the obtained lithium cobaltate 
cannot be sufficiently improved in heat stability as compared to those containing magnesium and, therefore, fails to 
show an excellent heat stability. 

[0013] Further, in Japanese Patent Application Laid-Open (KOKAI) Nos. 10-324523(1998) and 2002-68750, there 
is described the method for producing fine cobalt oxide particles by a wet reaction method. However, since no mag- 
nesium is contained in the obtained cobalt oxide particles, a cathode active material composed of lithium cobaltate 
particles produced from such cobalt oxide particles fails to show a sufficient heat stability. 

[0014] As a result of the present inventors' earnest studies for solving the above problems, it has been found that 
by mixing a lithium compound with cobalt oxide particles containing magnesium therein which have a composition 
represented by the formula: (CO (1 _ x) Mg x ) 3 0 4 (0.001 < x < 0.15), and have a BET specific surface area value of 0.5 to 
50 m 2 /g and an average particle diameter of not more than 0.2 \im, or cobalt oxide particles surface-coated with mag- 
nesium hydroxide which have a composition represented by the formula: (1-x)Co 3 0 4 -3xMg(OH) 2 (0.001 <x < 0.15), 
and have a BET specific surface area value of 0.5 to 50 m 2 /g and an average particle diameter of not more than 0.2 
u,m; and heat-treating the resultant mixture, the obtained cathode active material has not only a more stable crystal 
structure but also a more excellent heat stability, and is useful as a cathode active material for a non-aqueous electrolyte 
secondary cell. The present invention has been attained based on the above finding. 

[0015] An object of the present invention is to provide cobalt oxide particles useful as a precursor of a cathode active 
material having not only a more stable crystal structure but also a more excellent heat stability, and a process for 
producing the cobalt oxide particles. 

[0016] Another object of the present invention is to provide a cathode active material for a non-aqueous electrolyte 
secondary cell which has not only a more stable crystal structure but also a more excellent heat stability, and a process 
for producing the cathode active material. 

[0017] A further object of the present invention is to provide a non-aqueous secondary cell not only maintaining an 
excellent initial discharge capacity required for secondary cells, but also having an improved heat stability. 
[0018] In order to accomplish the aims, in a first aspect of the present invention, there are provided cobalt oxide 
particles having a composition represented by the formula: 

(Co (1 . x) Mg x ) 3 0 4 

wherein x is 0.001 to 0.15, and 

having a BET specific surface area value of 0.5 to 50 m 2 /g and an average particle diameter of not more than 
0.2 u.m. 

[0019] In a second aspect of the present invention, there are provided cobalt oxide particles surface-coated with 
magnesium hydroxide, having a composition represented by the formula: 

(1-x)Co 3 0 4 -3xMg(OH) 2 

wherein x is 0.001 to 0.15, and 

having a BET specific surface area value of 0.5 to 50 m 2 /g and an average particle diameter of not more than 
0.2 u.m. 

[0020] In a third aspect of the present invention, there are provided cobalt oxide particles having a composition 
represented by the formula: 

(Co (1 . x) Mg x ) 3 0 4 .3yAI(OH) 3 

wherein x is 0.001 to 0.15 and y is 0.001 to 0.05, and 

having a BET specific surface area value of 0.5 to 50 m 2 /g and an average particle diameter of not more than 
0.2 urn. 

[0021] In a fourth aspect of the present invention, there is provided a cathode active material for a non-aqueous 
electrolyte secondary cell, having a composition represented by the formula: 



LiCo (1 . x) Mg x 0 2 
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wherein x is 0.001 to 0.15, 

having an average particle diameter of 1 .0 to 20 urn, and 

having an a-axis length of lattice constant of from 0.090x + 2.81 6 A to 0.096x + 2.821 A and a c-axis length of 
lattice constant of 0.460X+ 14.053 A to 0.476x+ 14.063 A 
s wherein x has the same meaning as defined above. 

[0022] In a fifth aspect of the present invention, there is provided a cathode active material for a non-aqueous elec- 
trolyte secondary cell, having a composition represented by the formula: 

10 Li(Co (1 . x . y) Mg x Al y )0 2i 

wherein x is 0.001 to 0.15 and y is 0.001 to 0.05 

having an average particle diameter of 1 .0 to 20 ujti, and 

having an a-axis length of lattice constant of from 0.090x + 2.81 6 A to 0.096x + 2.821 A and a c-axis length of 
15 lattice constant of 0.460x + 14.053 A to 0.476x + 14.063 A 
wherein x has the same meaning as defined above. 

[0023] In a sixth aspect of the present invention, there is provided a cathode active material for a non-aqueous 
electrolyte secondary cell, having a composition represented by the formula: 

LiCo (1 . x) Mg x 0 2 

wherein x is 0.001 to 0.15, 

having an average particle diameter of 1 .0 to 20 urn, a BET specific surface area value of 0.1 to 1.6 m 2 /g, a 
25 volume resistivity value of 1 .0 x 1 0 to 1 .0 x 1 0 6 £2-cm, an electron conductivity (log (1/£2cm) of -0.5 to -5.0 and a crystallite 
size of 400 to 1 ,200 A, and 

having an a-axis length of lattice constant of from 0.090x + 2.816 A to 0.096x + 2.821 A and a c-axis length of 
lattice constant of 0.460x + 1 4.053 A to 0.476x + 14.063 A 
wherein x has the same meaning as defined above. 
30 [0024] In a seventh aspect of the present invention, there is provided a non-aqueous electrolyte secondary cell having 
a cathode comprising the cathode active material defined in the third aspect or fourth aspect. 
[0025] In an eighth aspect of the present invention, there is provided a process for producing the cobalt oxide particles 
defined In the first aspect, comprising: 

35 neutralizing a solution containing a cobalt salt and a magnesium salt with an aqueous alkali solution; and 

then subjecting the resultant mixture to oxidation reaction to obtain magnesium-containing cobalt oxide particles. 

[0026] In a ninth aspect of the present invention, there is provided a process for producing the cobalt oxide particles 
defined in the second aspect, comprising: 

40 

neutralizing a solution containing a cobalt salt with an aqueous alkali solution; 

subjecting the resultant mixture to oxidation reaction to obtain a water suspension containing cobalt oxide particles; 
adding a magnesium salt to the water suspension containing the cobalt oxide particles; and 
adjusting a pH value of the water suspension to coat a surface of each cobalt oxide particle with magnesium 
45 hydroxide. 

[0027] In a tenth aspect of the present invention, there is provided a process for producing the cathode active material 
for a non-aqueous electrode secondary cell defined in the third aspect, comprising: 

so mixing the cobalt oxide particles defined in the first or second aspect with a lithium compound; and 

heat-treating the resultant mixture. 

In the accompanying drawings: 

55 [0028] Fig. 1 is a graph showing the relationship between the amount of magnesium substituted for each of the 
cathode active materials obtained in Examples 2 and 10 to 16 and Comparative Examples 3 to 6, and the a-axis length 
of lattice constant of the cathode active material, wherein ♦ indicates plots for the Examples, and A indicates plots for 
the Comparative Examples (there is a plot of the same value). 
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[0029] Fig. 2 is a graph showing the relationship between the amount of magnesium substituted for each of the 
cathode active materials obtained in Examples 2 and 10 to 16 and Comparative Examples 3 to 6, and thec-axis length 
of lattice constant of the cathode active material, wherein ♦ indicates plots for the Examples, and A indicates plots for 
the Comparative Example (there is a plot of the same value). 
s [0030] Fig. 3 is a graph showing the relationship between the amount of magnesium substituted for each of the 
cathode active materials obtained in Examples 2, 10 to 16, 18 and 22 to 24 and Comparative Examples 3 to 6 and 8, 
and the electron conductivity of the cathode active material, 

wherein ♦indicates plots for the Examples, and A indicates plots for the Comparative Examples (there are plots of the 

10 [0031] The present invention is described in detail below. 

[0032] First, the cobalt oxide particles (I) and (I 1 ) of the present invention are described. 

[0033] The cobalt oxide particles (I) of the present invention are cobalt oxide particles containing magnesium, and 
have a composition represented by the formula: 

(Co (1 . x) Mg x ) 3 0 4 

wherein x is 0.001 to 0.15. 

[0034] When the magnesium content x of the cobalt oxide particles is less than 0.001 , the cathode active material 
20 obtained by using such cobalt oxide particles may fail to show a sufficient heat stability. When the magnesium content 
x of the cobalt oxide particles is more than 0.15, it may be difficult to industrially produce single-phase lithium cobaltate 
therefrom. 

[0035] The cobalt oxide particles (I 1 ) of the present invention are cobalt oxide particles containing magnesium and 
aluminum, and have a composition represented by the formula: 

25 

(Co (1 . x) Mg x ) 3 0 4 .3yAI(OH) 3 

wherein x is 0.001 to 0.15 and y is 0.001 to 0.05. 

30 [0036] When the magnesium content x of the cobalt oxide particles is less than 0.001 , the cathode active material 
obtained by using such cobalt oxide particles may fail to show a sufficient heat stability. When the magnesium content 
x of the cobalt oxide particles is more than 0.15, it may be difficult to industrially produce single-phase lithium cobaltate 
therefrom. When the aluminum content y of the cobalt oxide particles is less than 0.001 , the cathode active material 
obtained by using such cobalt oxide particles may fail to show a sufficient good cycle performance. When the aluminum 

35 content y of the cobalt oxide particles is more than 0.05, it may be difficult to industrially produce single-phase lithium 
cobaltate therefrom. 

[0037] The cobalt oxide particles (I) and (I') of the present invention have an average particle diameter of usually not 
more than 0.2 urn, preferably 0.01 to 0.15 urn, more preferably 0.05 to 0.12 yum. Cobalt oxide particles having an 
average particle diameter of more than 0.2 u.m may be difficult to industrially produce. 

40 [0038] The cobalt oxide particles (I) and (I 1 ) of the present invention have a BET specific surface area value of usually 
0.5 to 50 m 2 /g, preferably 1 .0 to 40 m 2 /g, more preferably 5.0 to 25 m 2 /g. Cobalt oxide particles having a BET specific 
surface area value of less than 0.5 m 2 /g may be difficult to industrially produce. When the BET specific surface area 
value is more than 50 m 2 /g, the obtained cobalt oxide particles may fail to show excellent particle characteristics when 
subjected to various processes such as mixing and heat-treatment. 

45 [0039] Then, the cobalt oxide particles (II) of the present invention are described. 

[0040] The cobalt oxide particles (II) of the present invention are cobalt oxide particles each surface-coated with 
magnesium hydroxide, and having a composition represented by the formula: 

50 (1-x)Co 3 0 4 -3xMg(OH) 2 

wherein x is 0,001 to 0.15. 

[0041] When the amount x of magnesium of the cobalt oxide particles is less than 0.001 , the cathode active material 
obtained by using such cobalt oxide particles may fail to show a sufficient heat stability. When the amount x of mag- 
55 nesium of the cobalt oxide particles is more than 0,15, it may be difficult to industrially produce single-phase lithium 
cobaltate therefrom. 

[0042] The cobalt oxide particles (II) of the present invention have an average particle diameter of usually not more 
than 0.2 u.m, preferably 0.01 to 0.15 u.m, more preferably 0.05 to 0.12 u.m. Cobalt oxide particles having an average 
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particle diameter of more than 0.2 \im may be difficult to industrially produce. 

[0043] The cobalt oxide particles (II) of the present invention have a BET specific surface area value of usually 0.5 
to 50 m 2 /g, preferably 1 .0 to 40 m 2 /g, more preferably 5.0 to 25 m 2 /g. Cobalt oxide particles having a BET specific 
surface area value of less than 0.5 m 2 /g may be difficult to industrially produce. When the BET specific surface area 
s value is more than 50 m 2 /g, the obtained cobalt oxide particles may fail to show excellent particle characteristics when 
subjected to various processes such as mixing and heat-treatment. 
[0044] Next, the process for producing the cobalt oxide particles (I) is described below. 

[0045] The cobalt oxide particles (I) can be produced by adding a magnesium salt to a solution containing a cobalt 
salt; subjecting the resultant solution to neutralization reaction by adding an aqueous alkali solution thereto; then sub- 
10 jecting the thus neutralized solution to oxidation reaction; and, if required, heat-treating then obtained material. 

[0046] Examples of the magnesium salt may include magnesium sulfate, magnesium nitrate, magnesium phosphate, 
magnesium hydrogenphosphate, magnesium carbonate or the like. 

[0047] Examples of the cobalt salt may include cobalt sulfate, cobalt nitrate, cobalt acetate, cobalt carbonate orthe 
like. 

15 [0048] Examples of the aqueous alkali solution may include aqueous solutions containing sodium hydroxide, potas- 
sium hydroxide, sodium carbonate, ammonia or the like, Among these aqueous solutions, an aqueous sodium hydrox- 
ide solution, an aqueous sodium carbonate solution and a mixed solution thereof are preferred, 
[0049] The amount of magnesium added is usually 0.1 to 20 mol%, preferably 1 to 18 mol% based on cobalt. 
[0050] The amount of the aqueous alkali solution used In the neutralization reaction is preferably 1 ,0 to 1 ,2 equivalents 

so based on one equivalent of a neutralized part of whole metal salts contained in the cobalt oxide particles (I). 

[0051] The oxidation reaction may be conducted by passing an oxygen-containing gas through the reaction system. 
The reaction temperature is preferably not less than 30°C, more preferably 30 to 95°C, and the reaction time is pref- 
erably 5 to 20 hours. 

[0052] The process for producing the cobalt oxide particles (I') is described below. 
55 [0053] The cobalt oxide particles (I') can be produced by adding an aluminum salt to a suspension containing the 
cobalt oxide particles (I); adjusting a pH value of the resultant solution by adding an aqueous alkali solution thereto, 
thereby coating the surface of the cobalt oxide particle with aluminum hydroxide; and, if required, heat-treating then 
obtained material. 

[0054] Examples of the aluminum salt may include aluminum sulfate, aluminum nitrate, sodium aluminum orthe like. 
30 [0055] The amount of aluminum added is usually 0.1 to 5 mol%, preferably 0.1 to 3 mol% based on cobalt. 

[0056] Next, the process for producing the cobalt oxide particles (II) according to the present invention is described 
below, 

[0057] The cobalt oxide particles (II) of the present invention can be produced by subjecting a solution containing a 
cobalt salt to neutralization reaction by adding an aqueous alkali solution thereto; subjecting the neutralized product 
35 to oxidation reaction to obtain cobalt oxide particles; adding a magnesium salt to the reaction solution containing the 
cobalt oxide particles; adjusting a pH value of the resultant solution by adding an aqueous alkali solution thereto, 
thereby coating the surface of the cobalt oxide particle with magnesium hydroxide; and, if required, heat-treating then 
obtained material. 

[0058] As the cobalt salt and magnesium salt, there may be used the same as described above. 

40 [0059] As the aqueous alkali solution, there may be used the same aqueous alkali solutions as described above. 
[0060] The amount of magnesium added is usually 0,1 to 20 mol%, preferably 1 to 18 mol% based on cobalt. 
[0061] The amount of the aqueous alkali solution used in the neutralization reaction for obtaining the cobalt oxide 
particles is preferably 1 .0 to 1 .2 equivalents based on one equivalent of a neutralized part of the cobalt salt, 
[0062] The oxidation reaction may be conducted by passing an oxygen-containing gas through the reaction system. 

45 The reaction temperature is preferably not less than 30°C, more preferably 30 to 95°C, and the reaction time is pref- 
erably 5 to 20 hours. 

[0063] The amount of the aqueous alkali solution used for the surface treatment with magnesium hydroxide is pref- 
erably 1 .0 to 1 .2 equivalents based on one equivalent of a neutralized part of the magnesium salt. 
[0064] The pH value of the reaction solution upon the surface treatment is preferably 11 to 13, 
so [0065] Next, the cathode active material for a non-aqueous electrolyte secondary cell (hereinafter referred to merely 
as "cathode active material") according to the present invention is described. 

[0066] In the case where the composition of the cathode active material (III) according to the present invention is 
represented by the following formula: 

55 Li(Co (1 . x) Mg x )0 2 , 

the magnesium content x is usually 0.001 to 0.15, preferably 0.01 to 0.10. 
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[0067] When the magnesium content x of the cathode active material is less than 0,001 , the effect of improving the 
heat stability of the cathode active material may become insufficient. When the magnesium content x is more than 
0.15, the initial discharge capacity of the cathode active material tends to be considerably deteriorated. 
[0068] In the case where the composition of the cathode active material (III 1 ) according to the present invention is 
s represented by the following formula: 

Li(Co (1 . x . y) Mg x Al y )0 2 , 

10 the magnesium content x is usually 0.001 to 0.15, preferably 0.01 to 0.10 and aluminum content y is usually 0.001 to 
0.05, preferably 0.001 to 0.03. 

[0069] When the magnesium content x of the cathode active material is less than 0.001 , the effect of improving the 
heat stability of the cathode active material may become insufficient. When the magnesium content x is more than 
0.15, the initial discharge capacity of the cathode active material tends to be considerably deteriorated. When the 
15 aluminum content y of the cobalt oxide particles of the present invention is less than 0.001 , the cathode active material 
obtained by using such cobalt oxide particles may fail to show a sufficient good cycle performance. When the aluminum 
content y of the cobalt oxide particles is more than 0.05, it may be difficult to industrially produce single-phase lithium 
cobaltate therefrom. 

[0070] The cathode active material (III) and (III') of the present invention has an average particle diameter of usually 
20 1 ,o to 20 u.m, preferably 2,0 to 10 u.m. When the average particle diameter of the cathode active material is less than 
1 .0 u.m, the obtained cathode active material suffers from disadvantages such as low packing density and increased 
reactivity with an electrolyte solution. The cathode active material having an average particle diameter of more than 
20 u.m may be difficult to industrially produce. 

[0071] As to the lattice constant of the cathode active material (III) and (III') of the present invention, the a-axis length 
25 thereof is usually from 0.090x + 2.816 A to 0.096x + 2.821 A, and the c-axis length thereof is usually 0.460X+ 14.053 
A to 0.476x + 14,063 A, wherein x has the same meaning as defined above. When the a-axis and c-axis lengths are 
less than the above-specified ranges, the lattice constant of the obtained lithium cobaltate particles may become small, 
thereby failing to attain a sufficient heat stability. When the a-axis and c-axis lengths are more than the above-specified 
ranges, a large amount of magnesium may be substituted for the cathode active material, resulting In deterioration In 
30 initial discharge capacity thereof. 

[0072] The cathode active material (III) and (III') of the present invention has a BET specific surface area value of 
preferably 0.1 to 1 .6 m 2 /g, more preferably 0.3 to 1 .0 m 2 /g. The cathode active material having a BET specific surface 
area of less than 0.1 m 2 /g may be difficult to industrially produce. When the BET specific surface area thereof is more 
than 1 .6 m 2 /g, the obtained cathode active material may tend tosufferfrom disadvantages such as low packing density 
35 and increased reactivity with an electrolyte solution. 

[0073] The cathode active material (III) and (III 1 ) of the present invention has a volume resistivity value of preferably 
1 .0 x 1 0 to 1 .0 x 1 0 s Q-cm, more preferably 1 .0 x 1 0 to 1 .0 x 1 0 s Q-cm. 

[0074] The cathode active material (III) and (III') of the present invention has an electron conductivity log(Qcm) of 
preferably -0.5 to -5.0, more preferably -0.5 to -4.9. 
40 [0075] The cathode active material (III) and (III') of the present invention preferably has a crystallite size of 400 to 
1,200 A. 

[0076] Next, the process for producing the cathode active material according to the present invention will be described 
below. 

[0077] The cathode active material (111) of the present invention can be produced by mixing the cobalt oxide particles 
45 (|) or the cobalt oxide particles (II) with a lithium compound, and heat-treating the resultant mixture. 

[0078] The mixing of the cobalt oxide particles (I) or the cobalt oxide particles (II) with the lithium compound may be 

performed by either a dry method or a wet method as long as these materials can be uniformly mixed with each other. 

[0079] The mixing molar ratio of lithium to a sum of cobalt and magnesium contained in the cobalt oxide particles (I) 

or the cobalt oxide particles (II) is preferably 0.95 to 1 .05. 
so [0080] The cathode active material (III 1 ) of the present invention can be produced by mixing the cobalt oxide particles 

(I) or the cobalt oxide particles (II) with both of a lithium compound and an aluminum compound such as aluminum 

hydroxide, aluminum oxide or the like, and heat-treating the resultant mixture. 

[0081] The mixing of the cobalt oxide particles (I) or the cobalt oxide particles (II) with both of the lithium compound 
and the aluminum salt may be performed by either a dry method or a wet method as long as these materials can be 
55 uniformly mixed with each other. 

[0082] The mixing molar ratio of lithium to a sum of cobalt and magnesium contained in the cobalt oxide particles (I) 
or the cobalt oxide particles (II) is preferably 0.95 to 1 .05. The mixing molar ratio of aluminum to a sum of cobalt and 
magnesium contained in the cobalt oxide particles (I) or the cobalt oxide particles (II) is preferably 0.001 to 0.05. 
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[0083] The cathode active material (III 1 ) of the present invention can be produced by mixing the cobalt oxide particles 
(I 1 ) with a lithium compound, and heat-treating the resultant mixture. 

[0084] The mixing of the cobalt oxide particles (I') with the lithium compound may be performed by either a dry method 
or a wet method as long as these materials can be uniformly mixed with each other. 
s [0085] The mixing molar ratio of lithium to a sum of cobalt, magnesium and aluminum contained in the cobalt oxide 
particles (I') is preferably 0.95 to 1 .05. 

[0086] The heat-treating temperature is preferably 600 to 950°C at which LiCo0 2 having a high-temperature regular 
phase can be produced. When the heat-treating temperature is less than 600°C, LiCo0 2 made of a low-temperature 
phase having a pseudo-spinel structure is disadvantageous^ produced. When the heat-treating temperature is more 
to than 950°C, LiCo0 2 made of a high-temperature irregular phase in which lithium and cobalt are dispersed at random 
positions, is disadvantageously produced. The heat-treating atmosphere is preferably an oxidative gas atmosphere, 
and the reaction time is preferably 5 to 20 hours. 

[0087] Next, the cathode for a non-aqueous electrolyte secondary cell using the cathode active material (III) or (III') 
of the present invention is described. 
is [0088] In the case where a cathode is produced using the cathode active material of the present invention, the 
cathode active material is mixed with a conductive agent and a binder by an ordinary method. As the preferred con- 
ductive agent, there may be used acetylene black, carbon black, graphite or the like. As the preferred binder, there 
may be used polytetrafluoroethylene, polyvinylidene fluoride or the like. 

[0089] A secondary cell (lithium battery) according to the present invention comprises a pair of electrodes disposed 
20 by means of a separator in the presence of a lithium ion conductive electrolyte. 

[0090] A cathode and an anode are disposed in a container so as to be opposed to each other with a separator 

composed of a porous thermoplastic resin film. A lithium ion conductive electrolyte is present in the container. 

[0091] In the secondary cell of the present invention, it is only necessary that the above-described specific cathode 

active material is used for at least one electrode, preferably a cathode active material, and the other active materials 
25 may be the known substances which are conventionally used for a lithium battery. 

[0092] The secondary cell produced by using the cathode active material of the present invention, is constituted by 

the above cathode as well as an anode and an electrolyte, 

[0093] As an active material for the anode, there may be used metallic lithium, lithium/aluminum alloy, lithium/tin 
alloy, graphite or the like, 

so [0094] In addition, as a solvent for the electrolyte solution, there may be used a mixed solvent of ethylene carbonate 
and diethyl carbonate, an organic solvent containing at least one solvent selected from the group consisting of car- 
bonates such as propylene carbonate and dimethyl carbonate and ethers such as dimethoxyethane, and the like. 
[0095] Further, as the electrolyte, there may be used a solution prepared by dissolving the above lithium phosphate 
hexafluorideor at least one lithium salt selected from the group consisting of lithium perchlorate, lithium borate tetraflu- 

35 oride and the like, in the above solvent. 

[0096] The secondary cell produced using the cathode active material (III) of the present invention exhibits an initial 
discharge capacity of preferably about 130 to about 165 mAh/g, and a heat stability of preferably not less than 200°C, 
more preferably 205 to 250°C when measured by the below-mentioned evaluation method. 

[0097] The secondary cell produced using the cathode active material (III 1 ) of the present invention exhibits an initial 
40 discharge capacity of preferably about 1 30 to about 1 65 mAh/g, a heat stability of preferably not less than 21 5°C, more 
preferably 225 to 250°C when measured by the below-mentioned evaluation method, and a capacity retention per- 
centage after 50 cycles at 60°C as high as not less than 95%, preferably 95 to 99%. 

[0098] The point of the present invention is that the cathode active material produced using the cobalt oxide particles 
(I), (I 1 ) or (II) as a precursor thereof can show a high initial discharge capacity required for secondary cells, and is 
45 excellent in heat stability. 

[0099] The reason why the cathode active material of the present invention can show a high initial discharge capacity, 
is considered as follow. That is, the cathode active material contains magnesium in such an amount as not to deteriorate 
the inherent initial discharge capacity of LiCo0 2 . 

[01 00] Further, the reason why the cathode active material of the present invention can exhibit a large lattice constant, 
so is considered by the present inventors as follows. That is, since magnesium is incorporated into the cobalt oxide par- 
ticles (I), (I 1 ) or (II) at a stage of synthesis thereof, orthe magnesium hydroxide is adhered onto the surface of the cobalt 
oxide particles, magnesium and cobalt are uniformly distributed in the cathode active material at atomic level. Therefore, 
it is suggested by the present inventors that the cobalt sites of the cathode active material obtained by using the cobalt 
oxide particles (I), (I') or (II) can be uniformly replaced with magnesium. 
55 [0101] On the other hand, when the lithium compound, the cobalt compound and magnesium are dry-mixed with 
each other and then calcined by conventional methods, magnesium cannot be uniformly distributed in the cathode 
active material, thereby failing to obtain the effect of the present invention. 

[01 02] Also, the reason why the cathode active material of the present invention can exhibit an excellent heat stability, 
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is considered as follows, though not clearly determined yet. That is, it is suggested that the crystal structure of the 
cathode active material can be stabilized by incorporating magnesium thereinto. 

[0103] Further, the cathode active material of the present invention can exhibit a lower volume resistivity value and 
a higher electron conductivity as compared to conventional cathode active materials prepared by a dry method which 
5 have the same amount of magnesium. The reason therefor is not clearly determined yet, but is suggested to be that 
excess electrons are generated by replacing Co 3+ with Mg 2+ so that the electron conductivity becomes high and the 
volume resistivity value becomes low. 

[0104] By using the cobalt oxide particles and the cathode active material according to the present invention, it 
becomes possible to obtain a non-aqueous electrolyte secondary cell capable of retaining a good initial discharge 
10 capacity required for secondary cells, and exhibiting an improved heat stability. 

EXAMPLES 

[0105] The present invention is described in more detail by Examples and Comparative Examples, but the Examples 
15 are only illustrative and, therefore, not intended to limit the scope of the present invention. 
[01 06] Various properties were evaluated by the following methods. 

(1) The cathode active material was identified using a Powder X-ray Diffraction Analyzer (manufactured by Rigaku 
Denki Kogyo Co., Ltd.; Cu-Ka; 40 kV, 40 mA). Also, the lattice constant of the cathode active material was calculated 

20 from respective diffraction peaks of the powder X-ray diffraction curve. 

(2) The crystallite size of the cathode active material was calculated from the respective diffraction peaks of the 
powder X-ray diffraction curve obtained above. 

(3) The volume resistivity of the cathode active material was measured using a Wheatstone bridge-type 2768 
insulation resistance meter (manufactured by Yokogawa Denki Co., Ltd.). 

25 (4) The elemental analysis was conducted using an inductively coupled high-frequency plasma atomic emission 

spectroscope "SPS-4000 Model" (manufactured by Seiko Denshi Kogyo Co., Ltd.). 

(5) The cell characteristics of the cathode active material were evaluated by testing a coin-shaped cell constituted 
from a cathode, an anode and an electrolyte solution prepared by the following methods. 

30 Preparation of cathode> 

[0107] The cathode active material, acetylene black as a conductive agent, and polyvinylidene fluoride as a binder 
were accurately weighed at a weight ratio of 85:1 0:5, and intimately mixed with each other in a mortar. The resultant 
mixture was dispersed in N-methyl-2-pyrrolidone to prepare a cathode slurry. Then, the thus obtained slurry was applied 
35 onto an aluminum foil as a current collector to form a coating film having a thickness of 150 u.m, vacuum-dried at 150°C, 
and then punched into a disc shape having a diameter of 1 6 mm, thereby producing a cathode plate. 

< Preparation of anode> 

40 [01 08] A metallic lithium foil was punched into a disc shape having a diameter of 1 6 mm, thereby producing an anode. 
<Preparation of electrolyte solution> 

[0109] Lithium phosphate hexafluoride (LiPF 6 ) as an electrolyte was added in an amount of 1 mol/literto a mixed 
45 solution containing ethylene carbonate and diethyl carbonate at a volume ratio of 50:50, thereby preparing an electrolyte 
solution. 

<Assembling of coin-shaped cell> 

so [0110] In a globe box maintained under an argon atmosphere, the above cathode and anode were fitted via a poly- 
propylene separator in a casing made of SUS316 stainless steel. Further, the electrolyte solution was filled in the 
casing, thereby producing a CR2032-type coin-shaped cell. 

Evaluation of cell> 

55 

[0111] The above-produced coin-shaped cell was subjected to a charge/discharge cycle test for secondary cells. 
The charge and discharge cycles were repeated at a cathode current density of 0.2 mA/cm 2 while varying the cut-off 
voltage from 3.0 to 4.3 V to examine the change in discharge capacity. 
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<Evaluation of heat stability> 

[0112] The above-produced coin-shaped cell was charged until the cell voltage reached 4,3 V. Then, the cathode 
active material was taken out from the cell, and filled in a container for thermal analysis, and then the container was 
s sealed. The cathode active material filled in the container was subjected to DSC measurement using a differential 
scanning colorimeter "DSC6200" (manufactured by Seiko Instruments, Co., Ltd) at a temperature rise rate of 10°C/ 
min. From the measurement results, the heat stability was expressed by the temperature at which heat generation was 
initiated. Meanwhile, the above evaluation procedure was conducted at a temperature of 30 to 400°C, and all works 
up to filling in the container were performed in the globe box having a dew point of -60°C or lower. 

10 

Example 1 : 

<Production of cobalt oxide particles (l)> 

is [0113] Magnesium sulfate (5.3 mo!% based on cobalt) was added to a solution containing cobalt in an amount of 
0.5 mol/liter. In addition, an aqueous sodium hydroxide solution was added in an amount of 1 .05 equivalents based 
on one equivalent of a neutralized part of a sum of cobalt and magnesium, to the resultant solution, thereby subjecting 
the solution to a neutralization reaction. Then, the obtained solution was subjected to oxidation reaction at 90°C for 
20 hours while passing air therethrough, thereby obtaining magnesium-containing cobalt oxide particles. It was con- 

20 formed that the thus obtained magnesium-containing cobalt oxide particles were composed of a Co 3 0 4 single phase, 
and had a Mg content of 5.0 mol% (x in (Co (1 . x) Mg x ) 3 0 4 is 0.05), an average particle diameter of 0.1 urn and a BET 
specific surface area value of 13.2 m 2 /g. 

Example 2: 

25 

<Production of cathode active material 



[0114] The magnesium-containing cobalt oxide particles obtained in Example 1 were intimately mixed with a lithium 
compound such that the molar ratio of LI to a sum of cobalt and magnesium was 1 .03. The resultant mixed particles 
30 were calcined at 900°C for 1 0 hours under an oxidative atmosphere, thereby obtaining magnesium-containing lithium 
cobaltate particles. 

[0115] As a result of the X-ray diffraction analysis of the thus obtained magnesium-containing lithium cobaltate par- 
ticles, it was confirmed that the magnesium-containing lithium cobaltate particles were composed of a lithium cobaltate 
single phase without impurity phase, and had an average particle size of 5.0 urn, a BET specific surface area value of 
35 0.5 m 2 /g, an a-axis length of lattice constant of 2,821 A, a c-axis length of lattice constant of 14.082 A, a crystallite size 
of 642 A, a volume resistivity value of 2.1 x 10 £2cm and an electron conductivity log(1/£2cm) of -1 .2. In addition, when 
the composition of the magnesium-containing lithium cobaltate particles was represented by the formula: 
LICo 1 . x Mg x O z , it was confirmed that the magnesium content x was 0.045. 

[01 1 6] The thus obtained magnesium-containing lithium cobaltate particles were used as a cathode active material 
40 to prepare a coin-shaped cell. As a result, it was confirmed that the thus prepared coin-shaped cell exhibited an initial 
discharge capacity of 147 mAh/g and a heat stability of 239°C. 

Examples 3 to 9: 

45 [0117] The same procedure as defined in Examplel was conducted exceptthatthe magnesium contentwas changed 
variously, thereby obtaining cobalt oxide particles. 

[0118] Essential production conditions and various properties of the obtained cobalt oxide particles are shown in 
Table 1 . 

so Examples 10 to 16: 

[0119] The same procedure as defined in Example 2 was conducted except that kind of cobalt oxide particles, mixing 
ratio of lithium and calcination temperature were changed variously, thereby obtaining cathode active materials and 
producing coin-shaped cells using the respective cathode active materials. 
55 [0120] Essential production conditions are shown in Table 2, and various properties of the obtained cathode active 
materials and cell characteristics of the obtained coin-shaped cells are shown in Table 3. 
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Comparative Examples 1 to 6: 

[0121] In Comparative Example 1 , cobalt oxide particles containing no magnesium were produced. In Comparative 
Example 3, lithium cobaltate particles containing no magnesium were produced. In Comparative Examples 4 to 6, the 
5 cobalt oxide particles obtained in Comparative Example 2 were dry-mixed with the magnesium raw material and the 
lithium raw material, and the resultant mixtures were calcined at the respective temperature, thereby obtaining lithium 
cobaltate particles containing magnesium. 

[0122] Essential production conditions are shown in Table 2, and various properties of the obtained cathode active 
materials and cell characteristics of the obtained coin-shaped cells are shown in Table 3. 

10 

Example 17: 

<Production of cobalt oxide particles (ll)> 

15 [0123] An aqueous sodium hydroxide solution was added in an amount of 1.05 equivalents based on one equivalent 
of a neutralized part of cobalt, to a solution containing cobalt in an amount of 0.5 mol/liter, thereby subjecting the 
resultant solution to a neutralization reaction. Then, the obtained solution was subjected to oxidation reaction at 90°C 
for 20 hours while passing air therethrough, thereby obtaining cobalt oxide particles. Then, magnesium sulfate (1.0 
mol% based on cobalt) was added to the resultant reaction solution containing the cobalt oxide particles, and further 

20 an aqueous sodium hydroxide solution was added in an amount required for neutralization of the magnesium salt, 
thereby treating the surface of the cobalt oxide particles with magnesium hydroxide. The pH value of the obtained 
reaction solution was 1 1 . It was conformed that the thus obtained cobalt oxide particles surface-treated with magnesium 
hydroxide were composed of a Co 3 0 4 single phase, and had a Mg content of 1 .0 mol% (x in (1 -x)Co 3 0 4 -3xMg(OH) 2 
is 0.01), an average particle diameter of 0.1 u.m and a BET specific surface area value of 13.5 m 2 /g. 

25 

Example 18: 

< Production of cathode active material 

30 [0124] The cobalt oxide particles surface-treated with magnesium hydroxide which were obtained in Example 17, 
were Intimately mixed with a lithium compound such that the molar ratio of Li to a sum of cobalt and magnesium was 
1 .03. The resultant mixed particles were calcined at 900°C for 10 hours under an oxidative atmosphere, thereby ob- 
taining magnesium-containing lithium cobaltate particles. 

[0125] As a result of the X-ray diffraction analysis of the thus obtained magnesium-containing lithium cobaltate par- 
35 tides, it was confirmed that the magnesium-containing lithium cobaltate particles were composed of a lithium cobaltate 
single phase without impurity phase, and had an average particle diameter of 4.7 u.m, a BET specific surface area 
value of 0.5 m 2 /g, an a-axis length of lattice constant of 2.817 A, a c-axis length of lattice constant of 14.065 A, a 
crystallite size of 631 A, a volume resistivity value of 7,1 x 10 4 ficm and an electron conductivity log(1/£2cm) of -4.9. 
In addition, when the composition of the magnesium-containing lithium cobaltate particles was represented by the 
40 formula: L.iCo 1 . x Mn x 0 2 , it was confirmed that the magnesium content x was 0.01 . 

[0126] The thus obtained magnesium-containing lithium cobaltate particles were used as a cathode active material 
to prepare a coin-shaped cell. As a result, it was confirmed that the thus prepared coin-shaped cell exhibited an initial 
discharge capacity of 1 61 mAh/g and a heat stability of 21 6°C. 

45 Examples 19 to 21 and Comparative Example 7: 

[0127] The same procedure as defined in Example 17 was conducted except that the amount of magnesium added 
for the surface treatment with magnesium hydroxide was changed variously, thereby obtaining cobalt oxide particles 
surface-treated with magnesium hydroxide. 
so [0128] Essential production conditions and various properties of the obtained cobalt oxide particles surface-treated 
with magnesium hydroxide are shown in Table 4. 

Examples 22 to 24 and Comparative Example 8: 

55 [0129] The same procedure as defined in Example 18 was conducted except that kind of cobalt oxide particles and 
mixing ratio of lithium were changed variously, thereby obtaining cathode active materials and producing coin-shaped 
cells using the cathode active materials. 

[0130] Essential production conditions are shown in Table 5, and various properties of the obtained cathode active 
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materials and cell characteristics of the obtained coin-shaped cells are shown in Table 6. 

[0131] Thus, it was confirmed that the coin-shaped cells produced using the cathode active materials of the present 
invention exhibited an initial discharge capacity of 130 to 160 mAh/g and a heat stability as high as not less than 200°C. 
[0132] On the contrary, as apparent from the results of Comparative Examples, when the magnesium content x is 
s more than 0.2, the initial discharge capacity was considerably lowered. Further, when the respective elements were 
mixed with each other by a dry method, the effect of improving the heat stability based on the amount of magnesium 
added was deteriorated. 

Example 25: 

10 

<Production of cobalt oxide particles (!')> 

[0133] Magnesium sulfate (1 .0 mol% based on cobalt) was added to a solution containing cobalt in an amount of 
0.5 mol/liter. Further, an aqueous sodium hydroxide solution was added in an amount of 1 .05 equivalents based on 

is one equivalent of a neutralized part of a sum of cobalt and magnesium, to the resultant solution, thereby subjecting 
the solution to a neutralization reaction. Then, the obtained solution was subjected to oxidation reaction at 90°C for 
20 hours while passing airtherethrough, thereby obtaining magnesium-containing cobalt oxide particles. Successively, 
aluminum sulfate (1 .0 mol% based on cobalt) was added to the reaction solution containing the thus obtained magne- 
sium-containing cobalt oxide particles, and further an aqueous sodium hydroxide solution was added in an amount 

20 requiring for neutralizing the aluminum sulfate to the solution, thereby treating the surface of the respective magnesium- 
containing cobalt oxide particles with aluminum hydroxide. The pH value of the reaction solution treated was 9. It was 
conformed that the thus obtained magnesium-containing cobalt oxide particles surface-treated with aluminum hydrox- 
ide were composed of a Co 3 0 4 single phase, and had a Mg content of 1 .0 mol% and an aluminum content of 1 ,0 mol% 
(x and y of (Co (1 _ x) Mg x ) 3 0 4 -3yAI(OH) 3 are both 0.01 ), an average particle diameter of 0.1 u.m and a BET specific surface 

25 area value of 13.4 m 2 /g. 

Example 26 

<Production of cathode active material (lll')> 

30 

[0134] The magnesium-containing cobalt oxide particles surface-treated with aluminum hydroxide obtained In Ex- 
ample 25 were intimately mixed with a lithium compound such that the molar ratio of Li to a sum of cobalt, magnesium 
and aluminum was 1.03. The resultant mixed particles were calcined at 900°C for 10 hours under an oxygen atmos- 
phere, thereby obtaining lithium cobaltate particles containing magnesium and aluminum. 

35 [0135] As a result of the X-ray diffraction analysis of the thus obtained lithium cobaltate particles containing magne- 
sium and aluminum, it was confirmed that the lithium cobaltate particles were composed of a lithium cobaltate single 
phase without impurity phase, and had an average particle diameter of 4.9 urn, a BET specific surface area value of 
0,5m 2 /g, an a-axis length of lattice constant of 2.81 7 A, ac-axis length of lattice constant of 14.068 A, a crystallite size 
of 652 A, a volume resistivity value of 7.1 x 10 4 Qcm and an electron conductivity log(1/£2cm) of -4.9. In addition, as 

40 to the magnesium and aluminum contents, when the composition of the lithium cobaltate particles containing magne- 
sium and aluminum was represented by the formula: LiCo (1 _ x . y) lVlg x Al y 02, it was confirmed that the magnesium content 
x was 0.01 and the aluminum content y was 0.01 . 

[0136] The thus obtained lithium cobaltate particles containing magnesium and aluminum were used as a cathode 
active material to prepare a coin-shaped cell. As a result, it was confirmed that the thus prepared coin-shaped cell 
45 exhibited an initial discharge capacity of 1 58 mAh/g, a capacity retention percentage of 98% after 1 00 cycles at 60°C, 
and a heat stability of 21 9°C. 

Example 27 

so Production of cobalt oxide particles (l)> 

[0137] Magnesium sulfate (1 .0 mol% based on cobalt) was added to a solution containing cobalt in an amount of 
0.5 mol/liter. Further, an aqueous sodium hydroxide solution was added in an amount of 1 .05 equivalents based on 
one equivalent of a neutralized part of a sum of cobalt and magnesium, to the resultant solution, thereby subjecting 
55 the solution to a neutralization reaction. Then, the obtained solution was subjected to oxidation reaction at 90°C for 
20 hours while passing air therethrough, thereby obtaining magnesium-containing cobalt oxide particles. It was con- 
formed that the thus obtained magnesium-containing cobalt oxide particles were composed of a Co 3 0 4 single phase, 
and had a Mg content of 1 .0 mol% (x of (Co (1 . x) Mg x ) 3 04 is 0.01), an average particle diameter of 0.1 u.m and a BET 
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specific surface area value of 1 3.0 m 2 /g. 
Example 28 

5 <Production of cathode active material (lll')> 

[0138] The magnesium-containing cobalt oxide particles obtained in Example 27 were intimately mixed with an alu- 
minum compound and a lithium compound such that the molar ratio of Li and Al to a sum of cobalt, magnesium and 
aluminum was 1 .03 and 0.01 , respectively. The resultant mixed particles were calcined at 900°C for 10 hours under 

10 an oxidative atmosphere, thereby obtaining lithium cobaltate particles containing magnesium and aluminum, 

[01 39] As a result of the X-ray diffraction analysis of the thus obtained lithium cobaltate particles containing magne- 
sium and aluminum, it was confirmed that the lithium cobaltate particles were composed of a lithium cobaltate single 
phase without impurity phase, and had an average particle diameter of 4.8 urn, a BET specific surface area value of 
0.5 m 2 /g, an a-axis length of lattice constant of 2.817 A, ac-axis length of lattice constant of 14,068 A, a crystallite size 

is of 645 A, a volume resistivity value of 7.0 x 10 ficm and an electron conductivity log(1/iicm) of -4.8. In addition, as to 
the magnesium and aluminum contents, when the composition of the lithium cobaltate particles containing magnesium 
and aluminum was represented by the formula: LiCo^. x . y jMg x Al y 0 2l it was confirmed that the magnesium content x 
was 0.01 and the aluminum content y was 0.01 . 

[0140] The thus obtained lithium cobaltate particles containing magnesium and aluminum were used as a cathode 
20 active material to prepare a coin-shaped cell. As a result, it was confirmed that the thus prepared coin-shaped cell 
exhibited an initial discharge capacity of 1 58 mAh/g, a capacity retention percentage of 98% after 1 00 cycles at 60°C, 
and a heat stability of 220°C. 

Example 29: 

Production of cobalt oxide particles (l)> 

[0141] An aqueous sodium hydroxide solution was added in an amount of 1 .05 equivalents based on one equivalent 
of a neutralized part of cobalt to a solution containing cobalt in an amount of 0.5 mol/iiter, thereby subjecting the mixed 

so solution to a neutralization reaction. Then, the obtained solution was subjected to oxidation reaction at 90°C for 20 
hours while passing air therethrough, thereby obtaining cobalt oxide particles. Successively, magnesium sulfate (1 .0 
mol% based on cobalt) was added to the reaction solution containing the thus obtained cobalt oxide particles, and 
further an aqueous sodium hydroxide solution was added in an amount requiring for neutralizing the magnesium sulfate 
to the solution, thereby treating the surface of the respective cobalt oxide particles with magnesium hydroxide. The pH 

35 value of the reaction solution treated was 11 , It was conformed that the thus obtained cobalt oxide particles surface- 
treated with magnesium hydroxide were composed of a Co 3 0 4 single phase, and had a Mg content of 1 .0 mol% (x of 
((1 -x)Co 3 0 4 -3xlvlg(OH)2 is 0.01 ), an average particle diameter of 0.1 \im and a BET specific surface area value of 1 3.5 
m 2 /g. 

40 Example 30 

Production of cathode active material (lll')> 

[0142] The cobalt oxide particles surface-treated with magnesium hydroxide obtained in Example 29 were intimately 
45 mixed with an aluminum compound and a lithium compound such that the molar ratio of Li and Al to a sum of cobalt, 
magnesium and aluminum was 1 .03 and 0.01 , respectively. The resultant mixed particles were calcined at 900°C for 
10 hours under an oxidative atmosphere, thereby obtaining lithium cobaltate particles containing magnesium and alu- 
minum. 

[0143] As a result of the X-ray diffraction analysis of the thus obtained lithium cobaltate particles containing magne- 
so sium and aluminum, it was confirmed that the lithium cobaltate particles were composed of a lithium cobaltate single 
phase without impurity phase, and had an average particle diameter of 4.8 \vm, a BET specific surface area value of 
0.5 m 2 /g, an a-axis length of lattice constant of 2.81 7 A, a c-axis length of lattice constant of 1 4.066 A, a crystallite size 
of 650 A, a volume resistivity value of 7.1 x 10 4 £2cm and an electron conductivity log(1/£tem) of -4.9. In addition, as 
to the magnesium and aluminum contents, when the composition of the lithium cobaltate particles containing magne- 
55 sium and aluminum was represented by the formula: LiCo (1 _ x . y) lv1g x Al y 02, it was confirmed that the magnesium content 
x was 0.01 and the aluminum content y was 0.01 . 

[0144] The thus obtained lithium cobaltate particles containing magnesium and aluminum were used as a cathode 
active material to prepare a coin-shaped cell. As a result, it was confirmed that the thus prepared coin-shaped cell 
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exhibited an initial discharge capacity of 1 58 mAh/g, a capacity retention percentage of 98% after 1 00 cycles at 60°C, 
and a heat stability of 21 8°C. 

Table 1 



Examples 


Production conditions of cobalt oxide 


and 


Amount of Mcr 


Kinci of 5K3U.GOU.S 


Amount of 


Comparative 


added (Mg/Co) 


cil.k8.li. solution 


alkali added 


Examples 


(mol%) 




( equivalent 
ratio) 


Example 1 


5.3 


NaOH 


1.05 


Example 3 


1.0 


NaOH 


1.05 


Example 4 


3.1 


NaOH 


1.05 


Example 5 


6.5 


NaOH 


1.05 


Example 6 


8.7 


NaOH 


1.05 


Example 7 


9.9 


NaOH 


1.05 


Example 8 


6.5 


NaOH 


1.05 


Example 9 


6.5 


NaOH 


1.05 


Comparative 
Example 1 


0 


NaOH 


1.05 


Comparative 
Example 2 
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Table 1 (continued) 



Examples 


Production conditions of cobalt oxide 


and 


Oxidation reaction 


Oxidation reaction 


Comparative 


temperature 


time 


Examples 


(°C) 


(Tar) 


Example 1 


90 


20 


Example 3 


90 


20 


Example 4 


90 


20 


Example 5 


90 


20 


Example 6 


90 


20 


Example 7 


90 


20 


Example 8 


90 


20 


Example 9 


90 


20 


Comparative 
Example 1 


90 


20 


Comparative 
Example 2 
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Table 1 (continued) 



Examples 


Properties of cobalt 


oxide 


and 


Mg content 


Average particle 


BET specific 


Comparative 


(mol%) 


diameter 


surface area 


Examples 




(urn) 


(m 2 /g) 


Example 1 


5 . 0 


0 . 1 


13 . 2 


Example 3 


1.0 


0.1 


13 . 6 


Example 4 


3.0 


0.1 


13 .1 


Example 5 


6 . 0 


0 . 1 


13 .6 


Example 6 


8.0 


0.1 


13 . 3 


Example 7 


9 . 0 


0.1 


13 .9 


Example 8 


6.0 


0.1 


13 .4 


Example 9 


6.0 


0.1 


13.6 


Comparative 
Example 1 


0.0 


0.1 


13 .0 


Comparative 
Example 2 




1.0 


1.3 
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Table 2 



Examples and 
C omparat i ve 
Examples 


Kind of 
cobalt oxide 
particles 
used 


Production conditions of lithium 


Mixing ratio between cobalt oxide 
particles and magnesium salt 
(molar ratio of Mg to Co) 


Examp 1 e 2 


Examp 1 e 1 


contained in cobalt oxide 
particles 


Example 10 


Example 3 


contained in cobalt oxide 
particles 


Example 11 


Examp 1 e 4 


contained in cobalt oxide 
particles 


Example 12 


Examp 1 e 5 


particles 


Example 13 


Exaiup 1 e 6 


particles 


Example 14 


Example 7 


particles 


Example 15 


Example 8 


contained in cobalt oxide 
particles 


. Example 16 


Example 9 


contained in cobalt oxide 
particles 


Comparative 
Example 3 


Comparative 
Example 1 


0 


Comparative 
Example 4 


Comparative 
Example 2 


0.02 


Comparative 
Example 5 


Comparative 
Example 2 


0.03 


Comparative 
Example 6 


Comparative 
Example 2 


0.05 
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Table 2 (continued) 



Examples and. 
Comparative 
Examples 


Production conditions of lithium cobaltate 


Li/ (Co+Mg) 
(molar ratio) 


Calcination 
temperature 

m 


Calcination 
time 
(hr) 


Example 2 


1.03 


900 


10 


Example 10 


1.02 


900 


10 


Example 11 


1.02 


900 


10 


Example 12 


1.02 


900 


10 


Example 13 


1.02 


900 


10 


Example 14 


1.02 


900 


10 


Example 15 


1.02 


800 


10 


Example 16 


1.03 


900 


10 


Comparative 
Example 3 


1.02 


900 


10 


Comparative 
Example 4 


1.02 


900 


10 


Comparative 
Example 5 


1.02 


900 


10 


Comparative 
Example 6 


1.02 


900 


10 
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Table 3 



Examples and 
Comparative 
Examples 


Properties of cathode active material 


Mg content 
(x) 


Particle size 
(lorn) 


BET specific 
surface area 
(m 2 /g) 


Example 2 


0.05 


5.0 


0.5 


Example 10 


0.01 


4.7 


0.5 


Example 11 


0.03 


4.9 


0.5 


Example 12 


0.06 


5.0 


0.5 


Example 13 


0.08 


6.3 


0.5 


Example 14 


0.09 


6.9 


0.4 


Example 15 


0.06 


3.9 


0.6 


Example 16 


0.06 


6.2 


0.5 


Comparative 
Example 3 


0 


4.7 


0.5 


Comparative 
Example 4 


0.02 


7.7 


0.4 


Comparative 
Example 5 


0. 03 


8.1 


0.4 


Comparative 
Example 6 


0.05 


8.3 


0.4 
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Table 3 (continued) 



Examples and 
Comparative 
Examples 


Properties of cathode active material 


X-ray 
measurement 


Lattice constant 


a-axis (A) 


c-axis (A) 


Example 2 


Single phase 


2.821 


14.082 


Example 10 


Single phase 


2.817 


14.065 


Example 11 


Single phase 


2.820 


14.072 


Example 12 


Single phase 


2 .823 


14.083 


Example 13 


Single phase 


2.824 


14.090 


Example 14 


Single phase 


2.825 


14.095 


Example 15 


Single phase 


2.821 


14.081 


Example 16 


Single phase 


2.823 


14.087 


Comparative 
Example 3 


Single phase 


2.816 


14.053 


Comparative 
Example 4 


Single phase 


2.815 


14.053 


Comparative 
Example 5 


Single phase 


2.816 


14.057 


Comparative 
Example 6 


Single phase 


2.817 


14.067 
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Table 3 (continued) 



Examples and 
Comparative 
Examples 


Properties of cathode active material 


Volume resistivity 
(Hem) 


Electron conductivity 
log(l/Qcm) 


Example 2 


2.1 x 10 


-1.2 


Example 10 


5.6 x 10 4 


-4.6 


Example 11 


1.2 x 10 2 


-2 


Example 12 


2.0 x 10 


-1.2 


Example 13 


1.5 x 10 


-1.1 


Example 14 


1.1 x 10 


-0.9 


Example 15 


3.7 x 10 


-1.6 


Example 16 


2.6 x 10 


-1.3 


Comparative 
Example 3 


1.2 x 10 5 


-5.1 


Comparative 
Example 4 


4.2 x 10 5 


-5 . 6 


Comparative 
Example 5 


8.5 x 10 4 


-4.9 


Comparative 
Example 6 


3.8 x 10 3 


-3.6 
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Table 3 (continued) 



Examples and. 
Comparative 
Examples 


Cell characteristics 


Initial discharge 
capacity 
(mAh/g) 


Heat stability 
( PC) 


Example 2 


147 


239 


Example 10 


161 


216 


Example 11 


155 


225 


Example 12 


147 


239 


Example 13 


135 


240 


Examp 1 e 14 


130 


241 


Example 15 


147 


239 


Example 16 


147 


239 


Comparative 
Example 3 


158 


181 


Comparative 
Example 4 


148.9 


182 


Comparative 
Example 5 


147 .2 


185 


Comparative 
Example 6 


141 


186 
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Table 4 





Production conditions of cobalt oxide 






Amount of alkali 


Oxidation 


Coiupa.ira.tive 


aqueous alkali 




reaction 


Examples 


solution 


(equivalent 
ratio) 


temperature 
(°C) 


Example 17 


NaOH 


1.05 


90 


Example 19 


NaOH 


1.05 


90 


Example 20 


NaOH 


1.05 


90 


Example 21 


NaOH 


1.05 


90 


Comparative 
Example 7 


NaOH 


1.05 


90 



EP 1 281 673 A1 

Table 4 (continued) 



Examples 


Production conditions of cobalt oxide 


and 


Oxidation reaction time 


Amount of Mg added 


Comparative 


(hr) 


(Mg/Co) 


Examples 




(mol%) 


Example 17 


20 


1.0 


Example 19 


20 


3.1 


Example 20 


20 


6.5 


Example 21 


20 


8.7 


Comparative 
Example 7 


20 


25 
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Table 4 (continued) 



Examples 


Properties of cobalt 


oxide 


and 


Mg content 


Average particle 


BET specific 


Comparative 


(mol% ) 


diameter 


surface area 






(um) 


(m 2 / g) 


Example 17 


1 


0.1 


13.5 


Example 19 


3 


0.1 


13.6 


Example 2 0 


6 


0.1 


14.4 


Example 21 


8 


0.1 


15.2 


Comparative 
Example 7 


20 


0.1 


18.0 



Table 5 



Examples and 
Comparative 
Examples 


Kind of cobalt oxide 
particles used 


Production conditions of lithium cobaltate 


Li/(Co+Mg) (molar 
ratio) 


Calcination 
temperature (°C) 


Calcination time (hr) 


Example 1 8 


Example 17 


1.03 


900 


10 


Example 22 


Example 19 


1.02 


900 


10 


Example 23 


Example 20 


1.02 


900 


10 


Example 24 


Example 21 


1.02 


900 


10 


Comparative 
Example 8 


Comparative 
Example 7 


1.02 


900 


10 
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Table 6 



Examples and 
Comparative 
Examples 


Properties of cathode active material 


Mg content 
(x) 


Particle size 


BET specific 
surface area 
(m 2 /g) 


Example 18 


0.01 


4.7 


0.5 


Example 22 


0.03 


5.0 


0.5 


Example 23 


0.06 


5.2 


0.5 


Example 24 


0.08 


6.1 


0.5 


Comparative 
Example 8 


0.2 


7.1 


0.4 
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Table 6 (continued) 



Examples and 
Comparative 
Examples 


Properties of cathode active material 


X-ray 
measurement 


Lattice constant 


a-axis (A) 


c-axis (A) 


Example 18 


Single phase 


2.817 


14.065 


Example 22 


Single phase 


2.820 


14.072 


Example 23 


Single phase 


2.823 


14.083 


Example 24 


Single phase 


2.824 


14.090 


Comparative 
Example 8 


Single phase 


2.834 


14.140 



Table 6 (continued) 



Examples and 


Properties of cathode active material 


Comparative 


Volume resistivity 


Electron conductivity 


Examples 


{Clem) 


log(l/Qcm) 


Example 18 


7.1 x 10 4 


-4.9 


Example 22 


1.8 x 10 2 


-2.3 


Example 23 


2.1 x 10 


-1.3 


Example 24 


1.5 x 10 


-1.2 


Comparative 
Example 8 


9.0 


-1.0 
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Table 6 (continued) 



Examples and 
Comparative 
Examp 1 e s 


Cell characteristics 


Initial discharge 
capacity 
(mAh/g) 


Heat stability 
(°C) 


Example 18 


161 


216 


Example 22 


155 


225 


Example 23 


147 


239 


Example 24 


13 5 


240 


Comparative 
Example 8 


112 


240 



Claims 

1 . Cobalt oxide particles having a composition represented by the formula: 

(Co (1 . x) Mg x ) 3 0 4 

wherein x is 0.001 to 0.15, and 

having a BET specific surface area value of 0.5 to 50 m 2 /g and an average particle diameter of not more 
than 0.2 urn. 

2. Cobalt oxide particles according to claim 1 , which have a BET specific surface area value of 5.0 to 25 m 2 /g and 
an average particle diameter of 0.05 to 0.12 \im. 

3. Cobalt oxide particles according to claim 1 , which further have a composition represented by the formula: 

(Co (1 . x) Mg x ) 3 0 4 .3yAI(OH) 3 

wherein x is 0,001 to 0.15 and y is 0.001 to 0.05. 

4. Cobalt oxide particles surface-coated with magnesium hydroxide, having a composition represented by the for- 
mula: 

(1-x)Co 3 0 4 -3xlv1g(OH) 2 
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wherein x is 0,001 to 0.15, and 

having a BET specific surface area value of 0.5 to 50 m 2 /g and an average particle diameter of not more 
than 0.2 urn 

5. Cobalt oxide particles according to claim 4, which have a BET specific surface area value of 5.0 to 25 m 2 /g and 
an average particle diameter of 0.05 to 0.12 urn. 

6. A cathode active material for a non-aqueous electrolyte secondary cell, having a composition represented by the 
formula: 

LiCo (1 . x) Mg x 0 2 

wherein x is 0.001 to 0.15, 

having an average particle diameter of 1 .0 to 20 urn, and 

having an a-axis length of lattice constant of from 0,090x + 2,81 6 A to 0.096x + 2.821 A and a c-axis length 
of lattice constant of 0.460x + 14.053 A to 0.476x+ 14.063 A wherein x has the same meaning as defined above. 

7. A cathode active material according to claim 6, 

wherein the magnesium content x is 0.01 to 0.10 and the average particle diameter is 2.0 to 1 0 urn 

8. A cathode active material according to claim 6 or 7, which has a BET specific surface area value of 0.1 to 1 .6 m 2 / 
g; a volume resistivity value of 1.0 x 10 to 1.0x 10 6 £2-cm; an electron conductivity log (1/Qcm) of -0.5 to -5,0; and 
a crystallite size of 400 to 1 ,200 A. 

9. A cathode active material according to any one of claims 6 to 8, which has a composition represented by the formula: 

Li (Co (1 . x . y) Mg x Al y )0 2 , 

wherein x is 0.001 to 0.15 and y is 0.001 to 0.05. 

10. A non-aqueous electrolyte secondary cell having a cathode comprising the cathode active material defined any 
one of claims 6 to 9. 

11. A process for producing the cobalt oxide particles defined in claim 1 , comprising: 

neutralizing a solution containing a cobalt salt and a magnesium salt with an aqueous alkali solution; and 
then subjecting the resultant mixture to oxidation reaction to obtain magnesium-containing cobalt oxide par- 
ticles. 

12. A process according to claim 11, wherein the amount of magnesium is 0.1 to 20 mol% based on the cobalt; the 
amount of the aqueous alkali solution is 1 .0 to 1 .2 equivalents based on one equivalent of a neutralized part of 
the whole metal salts; and the oxidation reaction is conducted at a temperature of 30 to 95°C, 

13. A process for producing the cobalt oxide particles defined in claim 4, comprising: 

neutralizing a solution containing a cobalt salt with an aqueous alkali solution; 

subjecting the resultant mixture to oxidation reaction to obtain a water suspension containing cobalt oxide 
particles; 

adding a magnesium salt to the water suspension containing the cobalt oxide particles; and 

adjusting a pH value of the water suspension to coat a surface of each cobalt oxide particle with magnesium 

hydroxide. 

14. A process according to claim 13, wherein the amount of magnesium is 0.1 to 20 mol% based on the cobalt; the 
amount of the aqueous alkali solution is 1 .0 to 1 .2 equivalents based on one equivalent of a neutralized part of 
the whole metal salts; the oxidation reaction is conducted at a temperature of 30 to 95°C; and the pH value of the 
water suspension is 11 to 13. 
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A process for producing the cathode active material for a non-aqueous electrode secondary cell defined in claim 
6, comprising: 

mixing the cobalt oxide particles defined in claim 1 or claim 3 with a lithium compound; and 
heat-treating the resultant mixture. 

A process according to claim 15, wherein a mixing molar ratio of lithium to a sum of cobalt and magnesium in the 
cobalt oxide particles is 0.95 to 1 ,05; and the heat-treating temperature is 600 to 950°C. 
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SIXV-* 
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FIG.3 
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